Hyperglycemic crisis is one of the most serious diabetes-related complications. The increase in the prevalence of diabetes in the geriatric population leads to a large disease burden, but previous studies of geriatric hyperglycemic crisis were focused on acute hyperglycemic crisis episode (HCE). This study aimed to delineate the long-term mortality risk after HCE.
Hyperglycemic crises, a disease continuum of acute diabetes-related complications, include three subtypes: diabetic ketoacidosis (DKA), hyperosmolar hyperglycemic state (HHS), and mixed syndrome (both DKA and HHS as a mixed state of acidosis and hyperosmolality) (1) . The basic underlying mechanism is the combination of insulin deficiency and an increase in counterregulatory hormones, viz., catecholamines, cortisol, glucagon, and growth hormone (2) . Preventive care for adults with diabetes has improved substantially in the past two decades (3). The death rate for patients with hyperglycemic crisis declined 64.4% between 1990 and 2010 in the U.S.; however, a large burden of disease persists because of the continued increase in the prevalence of diabetes (3) . Furthermore, despite the decreased death rate in the U.S., hyperglycemic crises remain a serious health problem in developing countries (1) .
The prevalence of diabetes in the elderly is extremely high and growing. It is estimated that seven million people in the U.S. are elderly ($65 years old) and that ;20.1% have physician-diagnosed diabetes (4) . This is nearly four times the prevalence of diagnosed diabetes in all adults 20 years old and older (5.1%) (4) . In addition, undiagnosed diabetes and prediabetes rates have been estimated to be 6.2% and 14%, respectively, in the group aged 60-74 years, which is more than twice the prevalence for all other adults (4) . Overall, nearly half of the elderly are exposed to the risk of hyperglycemic crises. As people age, insulin secretory reserve, insulin sensitivity, and thirst mechanisms decrease, and the elderly are at a particularly greater risk for developing hyperglycemic crises (5) .
Studies about geriatric hyperglycemic crises are scarce, and almost all are focused on acute episodes (4-7). The elderly have a higher mortality risk for hyperglycemic crises. Mortality rates for HHS range from 10% for those under 75 years of age to 19% for those 75-84 years old and 35% for those over 84 years old (8) . Similar outcomes have been reported (9) for DKA: mortality rates of 8% for patients 60-69 years old, 27% for patients 70-79 years old, and 33% for patients older than 79 years. In a recent study, the overall mortality of hyperglycemic crises in the elderly was 14.7% (6) . In 2013, Huang et al. (6) proposed that infection, absent tachycardia, cancer history, and severe coma are independent mortality predictors in geriatric patients with hyperglycemic crises. The mortality risk apparently rises with the number of independent mortality predictors: in the patients with all four predictors, 100% died, but in patients with none of the predictors, mortality was 0% (6) . Poor compliance leading to uncontrolled diabetes is the most common precipitating factor of geriatric HCE, which suggests that close follow-up and secondary prevention after an HCE are crucial (6) . The long-term effect of uncontrolled diabetes contributes to various complications, including death (2) . However, the long-term mortality risk after HCE in geriatric patients with diabetes has never been clarified. We wanted to analyze a population-based cohort taken from Taiwan's National Health Insurance Research Database (NHIRD) to determine the long-term mortality risk of geriatric patients with diabetes after HCE.
RESEARCH DESIGN AND METHODS

Data Sources
The Taiwan National Health Insurance (NHI) Program, launched in 1995, is a universal health care system that covers 99% of the country's population of 23.3 million (10). It has one of the largest and most complete population-based health care claim data sets in the world. The NHIRD contains encrypted patient identification numbers, ICD-9-CM codes for applied clinical diagnoses and procedures, details of prescribed drugs, dates of admission and discharge, and basic sociodemographic information, including sex and date of birth. All the expenses of HCE therapy are covered by NHI (but not hospital room and board). Data used in this study came from the Longitudinal Cohort of Diabetes Patients (LHDB) of the NHIRD, which contains randomized selected data (120,000 patients/year) from patients with newly diagnosed diabetes. The definitions of diabetes in the LHDB are as follows. 1) Inpatient: at least one hospitalization with a diagnosis of diabetes or a prescription for anti-diabetes medication. 2) Ambulatory care: at least two visits with a diagnosis of diabetes or one visit with both a diagnosis of diabetes and a prescription for antidiabetes medication within a year. The criteria for the diagnosis of diabetes were 1) symptoms of diabetes plus casual plasma glucose concentration $200 mg/dL (11.1 mmol/L), 2) fasting plasma glucose $126 mg/dL (7.0 mmol/L), or 3) 2-h oral glucose tolerance test $200 mg/dL (11.1 mmol/L) (11). There were no significant differences in age, sex, or health care costs between the sample group and all NHI enrollees.
Design
In this longitudinal cohort study, we selected all geriatric patients ($65 years) in the LHDB who had been diagnosed with HCE (ICD-9 code: DKA, 250.1, or HHS, 250.2) between 1 January 2000 and 31 December 2002. The control subjects (two geriatric patients with a diagnosis of diabetes and without HCE for every geriatric patient with diabetes with HCE) were also randomly selected from the LHDB. The index date in the HCE group was the date that HCE was first diagnosed in the database and the index date in the control group corresponded with the index date of the HCE group so that mortality follow-up in both case and the control subjects began on the same date. Candidates for the control group who died before the HCE index date were deleted from the control candidate pool. The control subjects were matched with the HCE patients by the age at which diabetes was diagnosed (630 days), duration between diabetes diagnosis date to HCE index date, sex, selected comorbidities, and monthly income by propensity score. Propensity-score matching was used to reduce selection bias because it can bundle many confounding covariates that may be present in an observational study with this number of variables. In our study, propensity scores were computed by modeling a logistic regression model with the dependent variable as the odds of diagnosis of HCE and the independent variables as the age at which diabetes was diagnosed (630 days), duration between diabetes diagnosis date and HCE index date, sex, selected comorbidities, and monthly income. Afterward, an SAS matching macro "%OneToManyMTCH" proposed in the proceedings of the 29th SAS Users Group International was used in this study (12) . It allows propensity score matching from 1-to-1 to 1-to-N based on specification from the user. The macro makes "best" matches first and "next-best" matches next in a hierarchical sequence until no more matches can be made. Each control subject is selected at most once. The final matched-pair samples contain both closely matched individual pairs and balanced case and control groups. Figure 1 shows the selection and propensity score matching of the HCE and control subjects.
We linked to the diagnostic codes through the inpatient and ambulatory care claim databases of the NHI. Our data collection included not only the patients' survival status but also their date of death, demographics, baseline comorbidities, and monthly income. Baseline comorbidities affecting mortality that may have presented before the index date were defined as follows: hypertension (HTN) (ICD-9 codes 401-405), renal disease (ICD-9 codes 582, 583, 585, 586, and 588), coronary artery disease (CAD) (ICD-9 codes 410-414), stroke (ICD-9 codes 430-438), cancer (ICD-9 codes 140-208), chronic obstructive pulmonary disease (COPD) (ICD-9 codes 490-496, 500-505, and 5064), congestive heart failure (CHF) (ICD-9 code 428), and liver disease (ICD-9 codes 5712, 5714, 5715, 5716, 4560-4562, and 5722-5728). We counted these comorbid conditions if they occurred either in the inpatient setting or in three or more ambulatory care claims coded 12 months before the index medical care date. Patients were followed from the index date to the date of death or 31 December 2011, the end of the database period. According to the law, enrollment in the NHI is mandatory for all citizens and other legal residents of Taiwan, and it must be withdrawn within 30 days after death. Therefore, those patients recorded as deceased in the inpatient claim or as withdrawing their NHI enrollment within 30 days after being discharged from their last hospitalization were presumed dead, and the discharge date was designated as the date of death.
This study was conducted according to the Declaration of Helsinki and was approved by the institutional review board at Chi-Mei Medical Center. The Institutional Review Board waived the need for informed consents (written and oral) from the patients because the data set used in this study consists of nationwide, unidentifiable, secondary data released to the public for research purposes. This waiver does not adversely affect the rights and welfare of the patients.
Statistical Analysis
The normality of the variables was verified by Kolmogorov-Smirnov test. We used standardized difference, which was proposed by Ho et al. (13) , to assess the balance of measured variables between HCE and control subjects in the matched sample, since assessment of balance in baseline variables between treated and untreated subjects should use methods that are not influenced by sample size and that are sample specific and do not refer to a hypothetical population (14) . A standardized difference of 0.1 or more was considered indicative of imbalance (14) . All of the following analyses were performed in the matched sample, using methods appropriate for the analysis of matched data in estimating the outcome effect.
The risk of death between geriatric patients with diabetes in the HCE and control groups was compared by estimating the incidence rate ratio (IRR) with conditional Poisson regression. Besides, a separate Cox proportional hazard regression was done to compute the risk of death between the HCE and control groups after adjustment for HCE, age, sex, HTN, renal disease, CAD, stroke, cancer, COPD, CHF, liver disease, and monthly income. The SAS procedures GENMOD (for conditional Poisson regression) and PHREG (for Cox proportional hazards regression on the matched pairs) can be used to analyze matched-pair cohort data. Afterward, Kaplan-Meier analysis was used to calculate the cumulative survival rate among three groups (two or more episodes of hyperglycemic crisis, one episode of hyperglycemic crisis, and control subjects), and the log-rank test was used to analyze the differences between the survival curves. SAS 9.3.1 for Windows (SAS Institute, Cary, NC) was used for all analyses. Significance was set at P , 0.05.
RESULTS
Demographic Data
Between 2000 and 2002, we identified 4,517 geriatric patients with diabetes and HCE and 9,034 control subjects matched for age, sex, selected comorbidities, and monthly income (with diabetes but without HCE) after ineligible patients had been excluded. The median age in the HCE group on the diabetes date was 71.01 6 7.38 years and in the control group was 70.95 6 7.35 years. We subclassified these patients into three age-groups: young elderly (65-74 years old), moderately elderly (75-84 years old), and old elderly ($85 years old). Standardized difference tests showed no significant difference in the distribution of the comorbidities of HTN, renal disease, CAD, stroke, cancer, COPD, CHF, or liver disease and monthly income in the HCE and control groups after matching (Table 1) .
Incidence Rates of Death
Of the 13,551 geriatric patients with diabetes identified, 3,326 (24.54%) died during follow-up: 1,634 (36.17%) in the HCE group and 1,692 (18.73%) in the control group (Table 2 ). The incidence rates of death were 84.37 (HCE group) and 35.17 (control group) per 1,000 person-years (PY), which was significantly higher for the HCE group (IRR 2.82; 95% CI 2.58-3.08) ( Table 2 ).
The mortality risk was significantly higher in the HCE group during the first 6 years of the follow-up period: first month after HCE (IRR 26.56; 95% CI 17.97-39.27), 1-6 months after (IRR 4.54; 95% CI 3.64-5.67), 6-12 months after (IRR 2.63; 95% CI 2.07-3.33), 1-2 years after (IRR 1.81; 95% CI 1.48-2.20), Figure 1 -The selection and propensity score matching of the HCE and control subjects. DM, diabetes; PS, propensity score.
2-4 years after (IRR 1.89; 95% CI 1.63-2.18), and 4-6 years after (IRR 1.49; 95% CI 1.23-1.81) ( Table 2 ). There was no significant difference after 6 years (Table 2). Kaplan-Meier survival analyses and log-rank tests showed that the HCE group patients had significantly (P , 0.0001) lower survival rates than control subjects during the follow-up, especially in the patients with two or more episodes of hyperglycemic crisis (Fig. 2) .
All HCE group age subgroups had a higher IRR than did their control group counterparts (Table 2) . HCE group patients who were $85 years old had the highest IRR for mortality (3.20) during the follow-up, patients 65-74 years old had the second highest (2.77), and patients 75-84 years old had the third highest (2.48) ( Table 2) .
Male HCE patients had a mortality rate of 90.94/1,000 PY, but male control subjects had a death rate of only 38.75/ 1,000 PY (IRR 2.51; 95% CI 2.26-2.79) ( Table 2) . The difference between female HCE patients and female control subjects was also significant (IRR 2.81; 95% CI 2.48-3.18).
HCE patients comorbid with HTN (83.17/1,000 PY), renal disease (123.54/ 1,000 PY), CAD (85.26/1,000 PY), stroke (119.12/1,000 PY), cancer (188.44/1,000 PY), COPD (117.63/1,000 PY), CHF (141.56/ 1,000 PY), and a liver disease (106.91/ 1,000 PY) had a higher IRR for death than did control patients comorbid with the same diseases ( Table 2) .
Risk Factors for All-Cause Mortality in Patients with Diabetes
Cox proportional hazard regressions were used to determine crude and adjusted hazard ratios (HRs) for death during the follow-up by cohort for the total sample. After adjustment for patient age, sex, selected comorbidities, and monthly income, HCE was still an independent risk factor for death in the total sample ( Table 3 ). The adjusted HR of two or more HCEs and one HCE was 4.525 (95% CI 3.364-6.086) and 2.848 (95% CI 2.599-3.119), respectively. Other risk factors for death included older age ($75 years old), male sex, renal disease, stroke, cancer, COPD, and CHF.
CONCLUSIONS
This is the first national populationbased study to evaluate the association between HCE and long-term mortality risk in geriatric patients with diabetes. We found that HCE raised the risk of long-term mortality in geriatric patients with diabetes, that the incidence rate of mortality was significantly high during the first 6 years of follow-up after HCE but not after 6 years, and that the risk of HCE-associated mortality was still .2.848 times that of the control subjects after adjustment for potential confounding factors. Poorer prognosis was found in patients with more episodes of hyperglycemic crisis. Early referral of geriatric patients with diabetes and HCE for proper patient education, better access to medical care, effective communication with a health care provider (2), and control of comorbidities such as renal disease, stroke, cancer, COPD, and CHF may be urgently needed.
Poor compliance, which leads to uncontrolled diabetes, is the most common precipitating factor (;60%) of HCE (1) . Therefore, HCE indicates uncontrolled diabetes (2) . The clues for uncontrolled diabetes can be traced from a patient's medical history or from objective data such as HbA 1c . A recent study (15) reported that the mean HbA 1c of patients with HCE was 11.8%. Uncontrolled diabetes may have long-term effects that contribute to various serious complications, such as renal disease, CAD, stroke, peripheral arterial disease, neuropathy, and retinopathy (2, 16) , and to all-cause mortality, as in the current study. Resources need to be redirected toward prevention by funding better access to care and educational programs tailored to individual needs, including ethnicity and personal health care beliefs (2) .
Mortality during the first 6 years after HCE was significantly higher in the HCE patients than in the control subjects. In particular, the IRR was extremely high during the first month after HCE owing to acute illness. A recent study (6) reports a first-month mortality rate of 14.7%. Patients who survive the acute episode will most often fully recover. The long-term effects of HCE may be due to persistent uncontrolled diabetes and prior hyperglycemia-induced microvascular and macrovascular injury (16) . Despite the long-term effect, the mortality rate was not significantly different between HCE patients and control subjects 6 years after HCE. This highlights the importance of initiating better diabetes care as soon as possible after HCE to minimize the mortality right after the event.
Although controlling diabetes and preventing HCE can lower long-term mortality risk, there is no evidence that tight glycemic control in the elderly is beneficial (17) . For the elderly, it is harmful to use medications to achieve HbA 1c levels of ,6.5% (18) . The complications of tight glycemic control include hypoglycemia and mortality in addition to the benefits of reductions in myocardial infarctions and mortality with metformin (18) . Given the long time frame needed to achieve a reduction in microvascular complications of retinopathy, neuropathy, and nephropathy, glycemic goals should reflect patient goals, health status, and life expectancy (17) . The American Diabetes Association (19) recommends a less stringent target, such as 8.0%, for frail elderly, for patients with limited life expectancy or extensive comorbid conditions, and for others for whom the risks of intensive glycemic control appear to outweigh the potential benefits.
This study has some limitations. First, potential disease misclassifications may exist because the diagnoses of diabetes and HCE as well as the comorbidities relied solely on the claims data. However, many studies have proven that NHIRD claim data are highly accurate and appear to be a valid resource for population research (20) (21) (22) . Therefore, the misclassifications should be minimal and thus unlikely to introduce remarkable effects on the results of our study. Second, some important sociodemographic characteristics, such as education level, stress level, BMI, and smoking and alcohol drinking habits; the intensity, duration, and extent of comorbidities; results of clinical examinations; and laboratory data such as degree of hyperglycemia and HbA 1c , blood glucose control during the follow-up period, and cause of death were not available in the NHIRD. Therefore, we could not adjust for these variables as contributing factors in this study. The impact of these missing data on the results also could not be assessed. Third, we were unable to take into account the severity of the diseases, which reduced our chances of showing the severity-related effects of comorbidities. Fourth, the precipitating factors were unavailable in the NHIRD. However, previous hospital-based studies have revealed that poor compliance, infection, new-onset diabetes, pancreatitis, and acute coronary syndrome were the common precipitating factors (1). This limitation would not decrease the value of this population-based cohort study with the aim to delineate the long-term mortality risk of HCE, which is still unclear. Fifth, despite our database being national, our findings may not be generalizable to cohorts in other nations.
Conclusion
In summary, HCE signified uncontrolled diabetes, which may have long-term effects that contribute to various complications, including death. Early referral of geriatric patients with diabetes and HCE for proper education, better access to medical care, effective communication with a health care provider, and control of comorbidities may be urgently needed. 
